INTRODUCTION
During the past four decades, the global prevalence of overweight and obesity has risen dramatically and is now estimated Strengths and limitations of this study ► The present study was first designed to determine the optimal cut-off values of body fat percentage (BF%) for cardiovascular disease (CVD) risk factors (hypertension, diabetes and dyslipidaemia) and clustering of ≥2 these risk factors in Chinese population. ► This study used a large sample covering most age groups to estimate BF% cut-off values for discriminating CVD risk factors in both sexes, especially in different ethnics (Han and Mongolian) in China. ► The prevention of public health problems was evaluated by PARP of BF% cut-offs in sexes and races. ► The study characterises the optimal body fat percentage cut-off values for identifying CVD risk factors in a cross-sectional setting using the occurrence of established CVD risk factors as a proxy risk estimate. Lots of epidemic studies, especially prospective cohort studies, need to be completed to improve cut-off points accuracy of BF% in China. ► BF% in this study was measured using bioelectrical impedance analysis, which tends to underestimate body fat in all subjects and in men and women separately. However, considering the convenience and inexpensiveness of bioelectrical impedance analysis, large-scale epidemiological investigations appropriately use this analysis.
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to affect over 600 million people. 1 In China, the prevalence of obesity approximately tripled from 3.75% in 1991 to 11.3% in 2011 according to diagnostic criteria of the Working Group on Obesity. 2 It is now identified that obesity essentially increases the risk of hypertension, diabetes and dyslipidaemia, which has a great influence on the morbidity and mortality of cardiovascular disease (CVD). 3 Body mass index (BMI) closely correlated with body fatness is recommended by WHO as a population-level measure of overweight and obesity (BMI ≥30 or 25 kg/ m 2 is defined as obese or overweight). However, it may not consistently characterise adiposity across racial/ethnic groups. 4 Body fat percentage (BF%) as a percentage of total bodyweight has advantages over BMI in estimating fat mass. 5 The BF% cut-off points for obesity proposed by the WHO are 25% for men and 35% for women, corresponding a BMI of 30 kg/m 2 in young Caucasians. 6 It was reported that BMI and percentage of body fat differ across populations. 7 The Chinese tend to have a lower BMI but a higher fat volume. Li et al 8 showed that the BF% cut-off values for Chinese adults were similar to those proposed by the WHO. However, a longitudinal epidemiological study 9 reflected that the present Chinese BMI criteria (28 kg/m 2 for obesity) was relatively inconsistent with WHO BF% criteria in determining obesity. Therefore, the appropriate BF% cut-off points for Chinese remains inconclusive and needs to be further studied. Inner Mongolia Autonomous Region located in northern China consists mainly of Han and Mongolian. Compared with Han population, the dietary pattern of Mongolians tends to be traditionally rich in whole milk, fats and oils, which might increase greater risk of obesity in Mongolia. 10 In this study, we aimed to characterise the optimal BF% cut-off points in Mongolian and Han adults according to its risk for common CVD risk factors, including diabetes, hypertension and dyslipidaemia.
METHODS

Study population
The present study was based on data from the China National Health Survey (CNHS) in Inner Mongolia Autonomous Region in 2014, which has already been described in detail elsewhere. 11 A total of 3508 examinees aged 20-80 years were found to be eligible for the study. We excluded individuals with incomplete data for hypertension, diabetes and dyslipidaemia status, sex, age and the anthropometric indices (ie, BMI, BF%). In addition, pregnant women were excluded. This resulted in a final analytical sample of 3221 adults (2308 Han and 913 Mongolian).
Written informed consent was acquired from each participant before data collection. The study was approved by the Institutional Review Board of the Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences.
Data collection
A standardised health questionnaire was completed by investigators and contained demographic information, diseases (particularly hypertension and diabetes) and the family history of diabetes, cardiovascular disease or cancer. Anthropometric measurements including height, weight and body fat percentage were taken with the subjects after an overnight fast and wearing light clothes and without shoes in the morning. Height was measured to the nearest 0.1 cm using a fixed stadiometer. Body weight was measured in an upright position to the nearest 0.1 kg. Body weight and body fat percentage was measured by bioelectrical impedance analysis (BIA), with a commercially available body analyser (BC-420, Tanita, Japan). BMI was calculated as weight in kilograms divided by height in metres squared (kg/m 2 ). Blood pressure was taken three times using the electronic sphygmomanometer (HEM-907, Omron, Japan), and the average was used as the mean blood pressure. All surveys were performed by trained staff.
Blood samples were collected from all participants following an overnight fast. Serum total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and fasting plasma glucose (FPG) were determined by the General Hospital of Chinese People's Liberation Army (PLA).
Definition
Diabetes was defined as FPG ≥7.0 mmol/L and/or physician-diagnosed diabetes. Hypertension was defined as mean systolic blood pressure (SBP) ≥140 mm Hg and/or mean diastolic blood pressure (DBP) ≥90 mm Hg and/ or physician-diagnosed hypertension. Dyslipidaemia was defined as follow: TC ≥6.22 mmol/L and/or LDL-C ≥4.14 mmol/L and/or HDL-C <1.04 mmol/L and/or TG ≥2.26 mmol/L. Clustering of risk factors was defined as presence of ≥2 CVD risk factors. Overweight and obesity were defined as a subject with BMI≥25 and<30 kg/m 2 , and BMI≥30 kg/m 2 , respectively.
Statistical analysis
Statistical analysis was performed using SAS software V.9.3. Continuous variables were presented as mean±SD; comparisons between two groups were used by Student's t-test. Categorical variables were expressed as percentages and compared by χ 2 test. Two-tailed p value less than 0.05 was considered statistically significant.
Receiver operating characteristic (ROC) curve analysis was performed using BF% as continuous variable in logistic regression models to obtain accurate estimates of area under the cure (AUC) in relation to hypertension, diabetes and dyslipidaemia, which describe the probability that a test will correctly identify subjects with disease. The optimal cut-off values were defined as the points on the ROC curve where Youden's index (sensitivity+specificity-1) was the maximal. ORs and the corresponding 95% CI were calculated by binary logistic Open Access regression analysis to measure the association between obesity defined by BF% and CVD risk factors. Per cent of prevalence of a condition/disease in the population (PARP) due to presence of risk factor or PARP that would be reduced if risk factor was removed for each CVD risk factor was calculated by sex-specific cut-offs for BF%. Formulas for calculation of PARP are given below. PARP=100 * P (OR-1) / [P (OR-1)+1] % (P, per cent of subjects whose BF% was above the sex-specific cut-off value; OR, age-adjusted ORs for cardiovascular risk factors in subjects using sex-specific cut-offs for BF%.)
RESULTS
Base characteristics of subjects
Baseline characteristics for men and women in Han and Mongolian adults are shown in table 1. In Han adults, men had a higher mean BMI, SBP, DBP, FPG, TC and TG but a lower BF% and HDL-C than women. LDL-C was comparable between men and women (p>0.05). The prevalence of hypertension, diabetes and dyslipidaemia weas higher in men than in women. Similarly, in Mongolian adults, men had a higher mean BMI, SBP, DBP, FPG, TC, TG and LDL-C, whereas a lower BF% and HDL-C than women. The prevalence of CVD risk factors was higher in men than in women. In total, compared with Han population, Mongolian population had a higher mean weight, BMI, BF%, TC, LDL-C and HDL-C but a lower TG. Moreover, the prevalence of obesity and hypertension was higher in Mongolian than in Han.
Area under ROC and optimal cut-offs for predicting CVD risk factors Figure 1 shows ROC curves of BF% for identifying CVD risk factors in men and women among Han and Mongolian adults. Area under ROC curves of BF% stratified by age groups are summarised in table 2. In Han population, the AUC of BF% ranged from 0.589 to 0.699 for men and from 0.711 to 0.763 for women. Compared with men, AUCs for diabetes and clustering of ≥2 risk factors Open Access in women were significantly higher (p<0.05). In addition, the AUC for CVD risk factors were larger in the younger age group than that in the older in women (p<0.05). However, AUCs for cardiovascular risk factors were all comparable between men and women in Mongolian adults (p>0.05). Among these, the AUCs of BF% ranged from 0.686 to 0.736 for men and from 0.685 to 0.783 for women. Although BF% performed differently for CVD risk factors in age groups of both sexes, there were no significant difference in the AUCs (p>0.05).
Optimal cut-off points of BF% for CVD risk factors in both ethnic groups were given in table 3, which were identified according to the highest Youden's index on ROC curves. In Han adults, the BF% cut-off values were found to optimally predict the risk of hypertension, diabetes and dyslipidaemia varied from 18.7% to 24.2% in men and 32.7% to 35.4% in women. In addition, the optimal cut-off points of BF% were all higher for women than for men in each CVD risk factor. In Mongolian, the optimal BF% cut-off values for men and women ranged from 21.0% to 24.6% and from 35.7% to 40.0%, respectively. The optimal BF% cut-offs between men and women in Mongolian adults were remarkably different. Basically, the optimal cut-off values of BF% in women were mostly higher for older age group than for the younger in Han and Mongolian adults. However, the optimal BF% cut-off points varied greatly by age and CVD risk factors.
The optimal cut-offs of BF% for identifying CVD risk factors in Han and Mongolian adults were also assessed. Table 4 table 5 show the sensitivity, specificity and Youden's index for the various cut-off values for BF% in men and women. Clearly, specificity gradually increased but sensitivity conversely decreased with the increase cut-off values of BF% in men and women. BF% cut-off points of preferable sensitivity and specificity to detect each CVD risk factor and clustering of ≥2 risk factors were selected Open Access as optimal values. In Han population, 24% and 34% were the optimal BF% cut-off values in terms of the Youden's index, sensitivity and specificity for men and women, respectively. In Mongolian, the optimal cut-off points of BF% were 25% for men and 35% for women.
The age-adjusted OR (95% CI) and PARP of each CVD risk factor using sex-specific cut-offs for BF% in Han and Mongolian adults are shown in table 6. In Han adults, BF% corresponded to significantly higher OR for hypertension and dyslipidaemia in men except diabetes, while BF% corresponded to significantly higher OR for all CVD risk factors in women. In Mongolian population, BF% corresponded to significantly higher OR for all CVD risk factors in both sexes except diabetes in women. According to PARP analysis, the proportion of Han adults whose BF%≥24% was about 43% in men. If BF% was controlled below 24%, 53.8% of hypertension, 17.2% of diabetes, 46.1% of dyslipidaemia and 51.6% of clustering of ≥2 CVD risk factors would be prevented. Women whose BF%≥34% was about 45% in Han women. If BF% was controlled under 24%, 57.6% of clustering of ≥2 risk factors would be prevented. In Mongolian population, the proportions of subjects whose BF% above 25% for men and 35% for women were round 46% and 47%, respectively. If BF% was controlled under 25% for men and 35% for women, 56%-65% of clustering of ≥2 risk factors would be prevented.
DISCUSSION
The present study, using data obtained from Han and Mongolian adults from Inner Mongolia, China showed that BF% performed differently for discriminating CVD risk factors in sex and ethnicity. The optimal BF% cut-off points for men and women were approximately 24.0% and 34.0% in Han adults, and 25.0% and 35.0% in Mongolian population, respectively. Compared with WHO criteria, the optimal BF% cut-offs in this study were a little lower in Han adults, but similar in Mongolian, which were taken account of validity to detect CVD risk factors and clustering two or more CVD risk factors.
BMI is the most widely used measure to diagnose obesity. However, the accuracy of BMI in detecting excess body adiposity in the general adult population is limited, because it cannot measure BF% directly and poorly distinguishes among total body fat, total body lean and bone mass. 12 13 To overcome misclassifications, direct measurements of BF% would be a better tool for diagnosing obesity. Moreover, BF% has been found to have a strong association with multiple CVD risk factors in several studies conducted in China, 8 Korea 14 and other ethnic groups. [15] [16] [17] Our data also support the good discrimination of BF% for each CVD risk factor and clustering of ≥2 risk factors in both sexes and ethnicities. However, BF% seems performed better in women than in men to detect CVD risk factors, which might result from greater less mass and lower fat mass men had than Open Access women. 18 Besides, BF% had larger AUCs for almost CVD risk factors in women aged <50 years than in the older women, but not obviously in men. In a Korean study, women after menopause had not only higher total body fat percentage but also its different distribution, which independently correlates with CVD risk factors. 19 In addition, a study of 402 women aged 30-75 years in Southern India also showed that menopausal status and Open Access associated obesity created a compatible atmosphere for abnormal metabolism and aggravated cardio-metabolic risk factors. 20 However, the relationship between obesity in women after menopause and CVD risk factors is more vulnerable to the effect of confounding variables, such as ageing, which might affect the accuracy of prediction of BF% for CVD risk factors.
It has been demonstrated that adipose tissue distribution varies among different ethnicities. 21 As is well known, the increased risks of metabolic diseases associated with obesity occur at lower BMIs in Asians, and these population are predisposed to visceral or abdominal obesity. In a study of perimenopausal and postmenopausal women in Thai, 34% was proposed as the optimal BF% cut-off points to identify women at risk of metabolic syndrome. 22 In addition, a cross-sectional study of the middle-aged Japanese men shown that the cut-off point of BF% for detecting participants with one or more CVD risk factors (diabetes mellitus, hypertension, dyslipidaemia) was 20.3%. 23 Joseph et al recommended an optimal BF% cut-off values of 25.5 in men and 38.0 in women for Asian Indian individuals. 24 Furthermore, Kim, et al reported that a BF% of 21% for men and 37% for women may be the appropriate cut-off values in Korean adults. 25 These discrepancies mainly result from different ethnic groups, age and outcome. By now, BF% has not been recommended as an adiposity index in the Chinese population yet, and there has been little study on the cut-off point for BF%. Li et al proposed 25% and 35% as optimal BF% cut-off points for Chinese men and women to predict metabolic syndrome and type 2 diabetes using data from the Shanghai Diabetes Studies, respectively. 8 In this study, the optimal cut-off values of BF% to detect diabetes, hypertension and dyslipidaemia for men and women in Han adults were found to be 24% and 34%, respectively. In Mongolian population, the optimal BF% cut-offs were 25% for men and 35% for women. Mongolians have a distinctive lifestyle and dietary habits characterised by a preference for high protein and fatty foods of animal origin, 26 which is different from Han population. Zhang et al reported the prevalence of overweight or obesity was higher in Mongolian people than Han people using WHO criteria (26.1% vs 21.3%, respectively). 27 Moreover, a study evaluating the relationship among ethnic groups and their CVD risk factors (hypertension, obesity, diabetes, dyslipidaemia, smoking) showed that clustering of ≥2 or ≥3 of these risk factors was noted in 66.9% or 36.5% of Mongolian as well as 62.0% or 28.3% of Han subjects, respectively. 28 Because of different genetic backgrounds, lifestyles and dietary patterns, the optimal BF% cut-offs of Han adults may not be the same as Mongolian.
There are some limitations to our study. A major limitation of the present study is cross-sectional design, which cannot be used to establish temporal relationship and causality. Lots of epidemic studies, especially prospective cohort studies, need to be completed to improve cut-off points accuracy of BF% in China. Second, BF% in this study was measured using bioelectrical impedance analysis, which tends to underestimate body fat in all subjects and in men and women separately. 29 However, considering the convenience and inexpensiveness of BIA, large-scale epidemiological investigations appropriately use this analysis. Finally, the subjects were from Inner Mongolia, so the study's findings cannot necessarily be representative of all Chinese adults, especially Han people. 
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The current definitions of obesity using BF% are based on Western populations and probably need to be modified for Chinese population. The present study showed the optimal BF% cut-off points for men and women were around 24.0% and 34.0% in Han adults, and 25.0% and 35.0% in Mongolian population of Inner Mongolia, China, respectively. Considering the rapid growth of obesity in China, 2 these optimal body fat percentage cut-offs will contribute to public health prevention and intervention.
